INTRODUCTION
============

Although early discontinuation of clopidogrel has been regarded as a strong predictor for the occurrence of stent thrombosis following drug-eluting stent (DES) implantation, unexpected minor and major operations or other invasive procedures requiring discontinuation of dual antiplatelet therapy (DAPT) frequently occur in real world daily clinical practice.[@B1]-[@B5] Therefore, many advisory groups recommend postponing elective surgery.[@B6],[@B7] However, to date, data on prevalence, timing, and clinical outcomes of unexpected requests for non-cardiac surgery or other invasive procedures after DES implantation are scarce. Therefore, we used the data from the randomized REal Safety and Efficacy of 3-month dual antiplatelet Therapy following Endeavor zotarolimus-eluting stent implantation (RESET) trial to prospectively and systematically evaluate the prevalence, timing, and clinical outcomes of unexpected requests for non-cardiac surgery or other invasive procedures during the first year after DES implantation.

MATERIALS AND METHODS
=====================

Study population
----------------

The real safety and efficacy of 3-month DAPT following Endeavor zotarolimus-eluting stent (E-ZES; Medtronic, Inc., Santa Rosa, CA, USA) implantation trial (RESET trial) was a prospective, open label, randomized trial conducted at 26 sites in Korea.[@B8] The primary goal of this trial was to compare the safety and efficacy of two DES+DAPT implantation strategies: E-ZES+3-month DAPT versus standard therapy (other DES+12-month DAPT). Details regarding study design, inclusion and exclusion criteria, and primary outcomes were provided in a prior publication.[@B8] All participants were randomly assigned in a 1:1 ratio to receive either E-ZES+3-month DAPT (n=1059) or standard therapy (n=1058). After stent implantation, aspirin 100 mg daily was prescribed indefinitely; and the duration of treatment with clopidogrel 75 mg daily was determined according to the assigned randomized strategy. Clinical follow-up was performed at 1, 3, 6, and 12 months after the DES implantation. In the RESET trial if possible at all, it was recommended that elective non-cardiac surgery or procedures with significant risk of bleeding were deferred until the completion of the appropriate DAPT, as recommended in the current guideline regarding the management of the patients treated with DES.[@B6] In addition, for patients who underwent surgery or procedures that required mandatory discontinuation of antiplatelet therapy, aspirin was continued if possible at all.[@B6],[@B7] In the case of high-risk patients who had to undergo surgery or procedures after complete discontinuation of DAPT, early hospital admission for monitoring and surveillance was strongly recommended. All study participants provided written informed consent using documents approved by the institutional review board at each participating center.

Follow-up and definitions
-------------------------

Details regarding unexpected requests from various health providers requiring discontinuation of DAPT in order to perform non-cardiac surgery or other invasive procedures during the first 12 months post-DES implantation were collected using a questionnaire completed by physicians who performed the DES implantation procedures. This questionnaire included 1) reasons for discontinuation of DAPT, 2) exact non-cardiac surgery or invasive procedures that were requested, 3) whether DAPT was actually discontinued, 4) whether the surgical or invasive procedures were performed or deferred, and 5) clinical outcomes of the patients. Discontinuation of DAPT was defined as the discontinuation of any antiplatelet agents in a patient being treated with more than one agent or discontinuation of aspirin in case of aspirin mono-therapy. Surgery or procedures were classified into six categories based on the previous and the current guidelines considering the characteristics of procedures: 1) high-risk operation (aortic, peripheral vascular, or emergent operation); 2) intermediate-risk operation (intraperitoneal and intrathoracic surgery, carotid endarterectomy, head and neck surgery, orthopedic surgery, or prostate surgery); 3) low-risk operation (cataract, breast surgery, or ambulatory surgery); 4) invasive diagnostic or therapeutic procedures, defined as procedures performed under the guidance of fluoroscopy without general anesthesia; 5) dental operation or procedures; and 6) endoscopic operations or procedures without general anesthesia.[@B7],[@B9] For surveillance regarding the duration, use, or discontinuation of DAPT, we used the Korean national healthcare monitoring system that tracks the use of specific drugs in Korea including direct review of patient medical records, phone visits, and personal e-mail contacts. In case of discontinuation of DAPT for unexpected operations or other invasive procedures, the tests of electrocardiogram or cardiac enzymes including early hospital administration before operation or procedures were strongly recommended to monitor the patients\' subsequent symptoms or outcomes. The collection of questionaries was done by web-based report system (main way), mail, or telephone-contact.

All analyses were performed on a per-patient and per-request level. In addition, we analyzed the occurrence of the primary endpoint of RESET trial, a composite of death from cardiovascular causes, myocardial infarction, stent thrombosis, target-vessel revascularization, or bleeding at 1 year post-procedure.[@B8] Clinical events were defined according to the Academic Research Consortium as published previously.[@B8]-[@B10] All requests, questionnaire data, and clinical events were independently monitored and assessed by a Clinical Event Committee.

Statistical analysis
--------------------

Statistical analyses were performed using the Statistical Analysis System software (SAS 9.1.3, SAS Institute, Cary, NC, USA). Categorical variables are expressed as numbers and percentages and compared using the chi-square test or Fisher\'s exact test. Continuous variables are expressed as mean±standard deviation and compared with analysis of variance. Multivariate logistic regression analysis was performed to assess the major determinants for actual discontinuation of DAPT. Univariate variables with *p*-value ≤0.05 and other expected factors influencing the actual discontinuation of DAPT or risk factors for the occurrence of stent thrombosis (age, diabetes mellitus, hypertension, clinical presentations, types of non-cardiac surgery, stent diameter and length, and multi-vessel intervention or multiple stenting) were entered into the final multivariate logistic regression model. *p*-values \<0.05 were considered statistically significant.

RESULTS
=======

A brief summary of baseline clinical and angiographic characteristics in patients with or without unexpected requests for non-cardiac surgery or other invasive procedures is shown in [Table 1](#T1){ref-type="table"}. Of the patients requested for operation or invasive procedures (n=261), there was no patient with oral anticoagulant besides the antiplatelets such as aspirin or clopidogrel. Overall, there were 310 requests for non-cardiac surgery or invasive procedures requiring premature discontinuation of DAPT in 261 patients (12.3%); 2.0% of patients had more than one request to prematurely discontinue DAPT ([Table 2](#T2){ref-type="table"}). Among the 310 requests, 11.3% were \<1 month post-DES, 30.0% were between 1 and 3 months post-DES, 36.8% were between 4 and 6 months post-DES, and were 21.9% between 7 and 12 months post-DES implantation. The types of procedures are also listed in [Table 2](#T2){ref-type="table"}; only 6 (1.9%) were high-risk and 60 (19.4%) were intermediate-risk.

On the per-request level analysis, the rate of actual discontinuation of DAPT was 35.8% (111 of 310 requests). Only 53.2% (165 of 310 requests) procedures were actually performed. The remaining 145 (46.8%) procedures were postponed until \>1 year after DES implantation. In 54 instances, procedures were performed without discontinuation of DAPT; no high-risk operation, 4 intermediate-risk, and 2 low-risk operation; 4 invasive diagnostic or therapeutic procedures; 19 dental operation or procedures; and 25 endoscopic operations or procedures. The types of procedures finally performed are shown in [Table 3](#T3){ref-type="table"}. The rate of actual discontinuation of DAPT and the frequency of procedures actually performed according to follow-up intervals from DES implantation are presented at [Fig. 1](#F1){ref-type="fig"}. The rates of actual discontinuation of DAPT (*p*\<0.001) and the rate of non-cardiac surgery or procedures finally performed (*p*=0.001) according to the timing of requests were significantly different.

On multivariate logistic regression analysis, the most significant determinants for actual discontinuation of DAPT were E-ZES+3-month DAPT (odds ratio=5.54, 95% confidence interval 2.95 to 10.44, *p*\<0.001) and timing of request (odds ratio=2.84, 95% confidence interval 1.97 to 4.11, *p*\<0.001) ([Table 4](#T4){ref-type="table"}).

[Table 5](#T5){ref-type="table"} summarizes clinical outcomes. There were no deaths, myocardial infarctions, or stent thromboses related to actual discontinuation of DAPT in the setting of non-cardiac surgery or other invasive procedures.

DISCUSSION
==========

The main findings of this systematic and prospective analysis were as follows: 1) there was a 14.6% rate of unexpected requests for discontinuation of DAPT because of unanticipated need for non-cardiac surgery or other invasive procedures in 12.3% of patients during the first 12 months after DES implantation. 2) On a per-request level, procedures were finally performed in about half of the requested cases (7.8%) with actual discontinuation of DAPT in approximately one-third of the requests. 3) Favorable clinical outcomes were observed in patients regardless of whether or not DAPT was discontinued or a procedure actually performed. Because patients with planned non-cardiac surgery or invasive procedures were excluded from the RESET trial before randomization, these requests for non-cardiac surgery and invasive procedures after DES implantation in this study were completely unexpected.

A first small study of 40 bare-metal stent-treated patients revealed an extraordinarily high incidence of catastrophic perioperative complications (34% mortality) in patients who underwent elective or semi-elective non-cardiac surgery soon after stent implantation.[@B11] In the DES era, the reported risk associated with major non-cardiac surgery varied widely from 0% to 22%, with most studies reporting a risk ≤6% in retrospective studies.[@B12] In most studies, a longer time interval between DES implantation and non-cardiac surgery was found to be associated with a lower risk of perioperative complications.[@B12]-[@B14] Accordingly, the current American College of Cardiology/American Heart Association guidelines recommended delaying non-cardiac surgery for 12 months after implantation of DES.[@B6],[@B7],[@B12]

Compared to the previous studies,[@B11],[@B12] the current study showed favorable clinical outcomes even in patients in whom DAPT was discontinued and surgery or an invasive procedure actually performed. However, this is a prospective, randomized study in which patients with planned procedures were completely excluded before randomization. Second, E-ZES was used in half of study participants; sufficient stent strut neointimal coverage in the early stage following E-ZES implantation might have played a protective role against the occurrence of stent thrombosis in the situation of actual discontinuation of DAPT.[@B8],[@B15],[@B16] Third, second-generation DESs - that have more favorable clinical outcomes, drug-release kinetics, and polymer characteristics than first-generation DES[@B17],[@B18] - were also frequently used in the standard therapy group. Fourth, the number of patients receiving the requests of DAPT discontinuation was small. Especially, the rate of high-risk operation out of all non-cardiac surgery or procedures proposed was low in this study. All these factors might have contributed to the favorable clinical outcomes in patients with actual discontinuation of DAPT who underwent non-cardiac surgery or other invasive procedures.

A recent retrospective registry of 4637 patients showed that the incidence of major non-cardiac surgery was 4.4% within 1 year after DES implantation, and that the risk of composite outcome of cardiac death, myocardial infarction, or stent thrombosis increased 27-fold in the week following non-cardiac surgery compared with any other week after stent implantation.[@B19] Data from the same registry revealed that minor surgery was performed in 2.0% of 8323 DES-treated patients.[@B12] Another systematic analysis revealed that 26% of 11151 patients who underwent percutaneous coronary intervention also underwent at least 1 non-cardiac surgery during the 5 years after index procedures; 23% orthopedic, 20% abdominal, 12% urologic, 10% vascular, and 35% others.[@B20] However, the procedures in this study were high-risk operation in 3.0%, intermediate-risk operation in 22.4%, low-risk operation in 3.0%, invasive procedures and non-surgical in 4.8%, dental surgery or procedures in 27.3%, and endoscopic surgery or procedures in 39.4%.

In the current study, there were 310 unanticipated requests (14.6%) and 165 procedures (7.8%) actually performed. Thus, the need for non-cardiac surgery and invasive procedures normally associated with premature discontinuation of DAPT could be more frequent than expected after DES implantation. Individual patient risk stratification should be assessed before DES implantation, especially in older patients.[@B20] For each 10-year increase in age, there was a 1.3-fold increase in the incidence of non-cardiac surgery (*p*\<0.0001) (about 15% in ages \<50 years and more than 30% in ages \>70 years).[@B20]

This study has limitations. First, the analysis was performed using random study data with specific inclusion and exclusion criteria and close patient follow-up typical of a randomized trial. Therefore, the results of this study may not apply to patients with clinically unstable presentation and angiographically more complex lesion subsets that are treated in real-world settings. In addition, because the patients with planned procedures were completely excluded in this study, the clinical outcomes of this subset could not be known from RESET study. Second, because the number of patients with actual DAPT discontinuation was small, a long-term data with a large population are needed. Finally, although the analyses on the detailed reasons for postponing or actually performing operation or procedures irrespective of the discontinuation of DAPT are important for the understanding of the general management of the patients with DES, we could not perform these analyses because of lack of data regarding the reasons for the final physicians\' decisions.

In conclusion, the requests for unexpected non-cardiac surgery or other invasive procedure typically requiring premature discontinuation of DAPT could be more frequent than expected. However, approximately half of these procedures were not performed at the time of request. Nevertheless, actual discontinuation of DAPT and non-cardiac surgery or other invasive procedures did not contribute to an increased risk of adverse cardiovascular events including death, myocardial infarction, or stent thrombosis in the patients enrolled in the RESET trial.
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DAPT, dual antiplatelet therapy.

^\*^The first request was the first among multiple requests in patients in whom there were two or more requests to discontinue DAPT.
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DAPT, dual antiplatelet therapy.

^\*^The first request was the first among multiple requests in patients in whom there were two or more requests to discontinue DAPT.
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DAPT, dual antiplatelet therapy.
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E-ZES, endeavor zotarolimus-eluting stents; DAPT, dual antiplatelet therapy.
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DAPT, dual antiplatelet therapy.
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